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THERMOGRAPHIC WIRING INSPECTION 

This invention relates to the field of non-destructive 
testing and more particularly to the use of infra-red 
thermography in non-destructive testing of wires and cables. 

For wires and cables intended to carry electrical 
current, it is generally desirable to be aware of any damage 
to insulation surrounding the wire or cable , such as cracks or 
cuts, before such damage can be propagated further. Damage to 
insulation surrounding wires may eventually result in the wire 
being exposed to the environment, potentially resulting in a 
short circuit which may cause the wire to fail or may cause a 
fire. These potential outcomes are clearly unacceptable, 
particularly where the wire is carrying current to critical 
items of equipment or where a fire may be difficult to detect 
and eliminate, for example, in an aircraft. 

It is common practice to test cables or wires, 
particularly those which have been newly installed, by 
powering them up and checking that the equipment to which they 
are connected is functioning. This indicates whether the wire 
or cable is capable of conducting current, but gives no 
indication however of the extent of any damage to the wire or 
insulation which may subsequently cause the wire to fail. 

Visual checks of wires and cables are a usual practice in 
the aircraft industry, particularly in planned maintenance or 
when damage to the insulation of a cable or wire is suspected, 
for example, following exposure to higher temperatures than 
usual. Visual checks can only show damage on the outside 
surfaces of insulation of a wire or cable and it may be 
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difficult to tell, without removing the wire or cable from an 
installation, the true extent of the damage. Also where 
several cables are bundled together into a loom, it can be 
very difficult to see damage on the insulation of a cable 
which is surrounded by other cables. 

The testing of pre-installed wires and cables, including 
their terminations, using non-destructive infra-red 
thermography techniques is known to a limited extent in 
various industries. One known method is to apply a current to 
a pre-installed wire or cable and use an infra-red detector to 
determine the thermal energy emanating from the wire or cable 
along its length. In regions where the insulation of the wire 
is intact, the thermal emissions are lower than for areas with 
insulation damage. The amount of heat radiated by the wire 
and detected by the detector is proportional to the thickness 
of the insulator, and so it is possible to determine how badly 
damaged the wire insulation is in one region from the amount 
of heat radiated from that region compared to that radiated 
from the rest of the wire. In this way, partially damaged 
insulation in wires can be detected and monitored in use to 
see whether the damage is becoming worse, and the insulation 
may be changed or repaired before the wire fails. 

If a detector were merely pointed at the wire, it may 
readily detect heat emanating from the part of the 
circumference to which it had a direct line of sight but any 
damage on the other part of the circumference would not be so 
easily detected. Accordingly the known techniques generally 
involve positioning infra-red detection apparatus around the 
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wire being tested and moving the apparatus along the length of 
the wire. Positioning detection apparatus around the outer 
circumference of the wire allows thermal energy emanating from 
any point on the circumference to be detected. 

This technique however has several disadvantages, for 
example, it is not always possible to position detection 
apparatus around a wire, for example, when the wires or cables 
are fixed to run along a wall or when there is little room for 
detection apparatus or its installation, for example, in the 
avionics bay of an aircraft. Furthermore it may be difficult 
to use the detector to locate damage to wires in the centre of 
a bundle, as the surrounding wires may act as a shield and 
inhibit temperature variations at that location. 

The present invention seeks to overcome these problems 
and provide a more accurate method of determining the extent 
of damage to the insulation of wires and cables than hitherto 
known . 

According to the present invention there is provided a 
method for inspecting the integrity of the insulation of a 
wire or cable including the steps of: 

passing a current through said wire or cable, 

applying a fluid having electrolytic properties to said 
wire or cable, and 

using a thermal imaging system to detect and display the 
intensity of heat emanating from said wire or cable. 

Those regions of the wire or cable having substantially 
greater intensity of heat emanating therefrom than adjacent 
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regions of the wire or cable are thereby advantageously 
identified. 

The thermal imaging system advantageously comprises an 
infra-red detector and a display monitor, said monitor being 
capable of displaying images . 

The thermal imaging system may further include recording 
means for recording displayed images. 

The infra-red detector is preferably a thermal imaging 
camera. The infra-red detector may be hand held or 
alternatively it may be stand mounted. The infra-red detector 
is preferably capable of detecting temperature changes of less 
than 0.5°C. 

The recording means may be adapted to allow images to be 
stored on computer disks. Alternatively the recording means 
may be adapted to allow images to be stored on video tape. 

The images may be displayed as calibrated spacial thermal 
images. Preferably a false colour scale is used to represent 
various temperatures . 

The fluid applied to the insulation preferably is capable 
of conducting a leakage current between sites where there is 
damage to the insulation. Leakage current measuring means 
such as an ammeter, or an oscilloscope, for example, may 
further be provided for measuring this current. Heat is 
advantageously dissipated on conduction of the leakage current 
by the fluid, so that where a wire has damaged insulation, a 
higher temperature is detected in the region of the damage. 

Advantageously, damage sites within a bundle of wires or 
on a substantially inaccessible part of a wire or cable may be 
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detected due to the leakage current being conducted by the 
fluid away from an immediate damage site. 

The fluid may be an aqueous saline solution, preferably 
containing sodium chloride in the range 1% to 3% by mass. The 
fluid may alternatively contain ammonium chloride in the range 
1% to 3% by mass. Advantageously the fluid contains 2% sodium 
chloride by mass. 

The fluid may be dripped or sprayed on to the wires, 
cables or bundle of wires to be inspected. The fluid 
preferably includes a wetting agent, such as, for example, 
"Triton X100 M for reducing the surface tension of the fluid 
and thereby preventing large droplets from forming, so that 
the fluid is capable of spreading over a surface on to which 
it is applied. The wetting agent thereby allows the fluid to 
advantageously spread around a wire or cable to be inspected 
and, for bundles of cables, the fluid may permeate through the 
bundle so that the insulating materials around the individual 
wires within the bundle are wet. 

The fluid is preferably non-corrosive and preferably is 
of a type that will not cause substantial degradation of 
elastomeric polymer insulation around any wires under 
inspection. 

Advantageously, the thermal imaging system is further 
used to detect and display the intensity of heat emanating 
from the wire or cable prior to the application of the fluid, 
to provide datum values of heat emission. Preferably the 
amount of fluid used is then dependent upon these datum values 
and the distance between suspected damage sites. Fluid may be 
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addded gradually as too much fluid can result in a short 
circuit, which may cause damage to equipment. 

After the application of fluid to the insulation of a 
bundle of wires, such as a loom within an aircraft for 
example, the thermal image may be monitored for several 
minutes. As the fluid dries, the heat emanating from a 
damaged site may decrease substantially as the fluid becomes 
less able to conduct a leakage current. The fluid preferably 
conducts a leakage current between adjacent damage sites, and 
thereby enhances the intensity of heat emanating from a wire 
having a damaged insulator, thus allowing damage to the 
insulation to be more easily detected. 

This method may advantageously be applied to the 
inspection of installed bundles of insulated wires, known as 
looms on aircraft- Areas of damage to insulation may 
preferably be detected prior to critical failure, and areas 
prone to failure may be monitored and the results assessed 
regularly to look for the onset of damage or to monitor the 
evolution of known damage. 

It will be recognised by one skilled in the art that this 
method may be applied to the detection of insulation damage in 
any wires or cables, and is not limited to those on aircraft. 

In order to more fully understand the present invention, 
the following embodiments are described by way of example only 
and with reference to the accompanying drawings in which: 

Figures la and lb show schematic plan views of apparatus 
used in two steps of a method according to the present 
invention; 
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Figure 2 shows a plan view of a loom conducting current 
and a corresponding display of heat emanating from the wire 
both with and without the electrolytic fluid; and 

Figure 3 shows a flow chart of a preferred method in 
accordance with the present invention. 

Figure la shows a loom 1, comprising several cables 2, 
which form part of the avionics system of an aircraft (not 
shown). The loom 1 is connected to form part of an electrical 
circuit 3 for allowing either alternating or direct current to 
flow through the cables 2. An infra-red thermal imaging 
system 4 is shown, which comprises an infra-red thermal 
imaging camera 5, a display monitor 6 and a video recorder 7. 
The camera 5 is connected to the display monitor 6 by cables 
8. The monitor 6 is for displaying the thermal images 
detected by the camera 5 and these images may then be recorded 
by the video recorder 7, which is connected to the monitor 6 
by cables 9 . 

In operation, the loom is connected to an electrical 
circuit which is then switched on. As current flows through 
the loom 1, heat is dissipated by the cables 2 and this is 
detected by the camera 5 and displayed on the monitor 6 as a 
thermal image. The camera 5 is slowly moved along the loom 1 
so as to detect the intensity of heat emanating from the 
cables 2 along the loom 1. The monitor 6 displays the 
intensity of heat emanating from the wire along the length of 
the wire as a graphical image, providing datum values. 

The next step of the method is described in Figure lb, 
and is advantageous in detecting areas of a loom which may be 
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damaged but which are deep within the loom or are positioned 
against a structure such as a wall of an aircraft fuselage. 

Figure lb shows the same apparatus as that shown in 
Figure la, with the addition of a spray dispenser 10, a 
current clamp ammeter 23 and an oscilloscope 24. The 
dispenser 10 contains an electrolytic fluid 11 comprising 2% 
sodium chloride by mass and the wetting agent known as "Triton 
X100" . This fluid 11 is sprayed on to the cables 2 of the 
loom 1 where it permeates around them wetting their outer 
insulation. The current clamp ammeter 23 is in contact with 
the loom 1 and the oscilloscope 24. The oscilloscope 24 is 
for displaying leakage current values. 

When an electrical current is applied to the loom 1 after 
addition of the fluid 11, the leakage current escaping from 
any damage sites along the loom 1 will be conducted by the 
fluid 11 around the cables 2 and the loom 1 to an adjacent 
damage site, such that the leakage current may be detected 
around the circumference of the loom by the infra-red thermal 
imaging camera or by the current clamp ammeter 23. The 
leakage current may also be detected at sites adjacent the 
damage site as shown in Figure 2. 

Figure 2 shows a loom 27 comprising insulated wires 12, 
26 positioned between a pair of connectors 25 and conducting 
current therebetween. Part of the insulation of the wire 12 
is damaged around its circumference 13, possibly caused by the 
wire 12 being tied or clipped to other wires or to a structure 
(not shown) at that point. The wire 26 has a radial crack 14 
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in its insulation, possibly caused by impact from a tool (not 
shown) during installation of the wire, 

A graph 15 of intensity of heat versus distance along the 
loom 27 prior to the addition of an electrolyte is shown as it 
might appear on the display apparatus. Where the insulation 
of the wire 12 is undamaged, the heat intensity is at a datum 
level 16. Where the insulation of the wires 12, 26 have been 
damaged 13, 14, small peaks 17, 18 may be displayed 
corresponding to heat emanating from the wires 12, 26 due to 
the damaged insulation. Where the damage is hidden from 
direct view of the camera, no peaks may occur. 

A graph 19 of intensity of heat versus distance along the 
loom27 following the addition of an electrolyte (as shown in 
Figure 1) is shown as it might appear on the display monitor. 
Where the insulation of the wires 12, 26 is undamaged the heat 
intensity is at a datum level 16. Where the insulation of the 
wires 12, 26 has been damaged at 14, a rapid temperature 
increase is displayed, and a higher temperature plateau 21 is 
shown between damage sites 13 and 14, corresponding to the 
heat emanating from the wires 12, 26 due to the damaged 
insulation and the conduction of the leakage current from the 
damage site 13 to adjacent damage site 14 via the electrolyte. 
Particularly where damage is located out of the line of sight 
of the detector, the addition of the electrolyte allows the 
leakage current to flow around the insulated wire between 
damage sites and so enables hidden damage sites to be 
detected. 
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Figure 3 shows the sequence of operations in a preferred 
method of detecting damage to insulation of wires. The 
sequence proceeds in the direction of the arrows. 

First a wire is connected as shown in Figure 1 and a 
current is passed through it ( steps 1 and 2 ) . A camera 
capable of infra-red detection ( as shown in Figure 1 ) is moved 
along the length of the wire and a graph of heat intensity 
versus distance along the wire ( as shown in Figure 2 ) is 
displayed on a monitor ( step 3 ) . 

In step 4 the display is used to establish datum values 
of heat emission from the wire and also gives an indication of 
the extent of any damage. The amount of electrolyte to be 
sprayed on to the wire is dependent upon the datum values of 
heat emission and the proximity of adjacent damage sites, as 
too much electrolyte could cause a short circuit and too 
little may not allow a leakage current to flow between 
adjacent damage sites, and so damage may not be detected in 
areas of the wire hidden from direct view. 

At step 5 the electrolyte is then sprayed on to the wire, 
so that the insulation is wetted around the circumference of 
the wire. The camera is again passed over the length of the 
wire or is focused on particular areas of interest, according 
to requirement, and the result is displayed on the monitor 
( step 6 ) . 

The addition of the electrolyte allows a leakage current 
to flow between adjacent damage sites and so enhances the 
detection of heat emanating from damaged sites and can allow 
detection of damaged sites undetectable without the 
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electrolyte (step 7). Those sites identified as having 
damaged insulation can then be noted for future repair or can 
be monitored to see if this damage becomes worse. 
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CLAIMS 

1. A method for inspecting the integrity of the insulation 
of a wire or cable including the steps of; 

passing a current through said wire or cable, 

applying a fluid having electrolytic properties to said 

wire or cable, and 

using a thermal imaging system to detect and display the 
intensity of heat emanating from said wire or cable. 

2. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 1 wherein the 
thermal imaging system comprises an infra-red detector 
and a display monitor. 

3. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 1 or claim 2 
wherein recording means are provided for recording images 
displayed by the thermal imaging system. 

4. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 2 wherein the 
infra-red detector is a thermal imaging camera. 

5. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 2 or claim 4 
wherein the infra-red detector is hand held. 

6. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 2 or claim 4 
wherein the infra-red detector is stand mounted. 

1. A method for inspecting the integrity of the insulation 

of a wire or cable as claimed in claim 2 or as claimed in 
any one of claims 4 to 6 wherein said infra-red detector 
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is capable of detecting temperature changes of less than 
0.5°C. 

8. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 3 wherein said 
recording means is adapted to allow displayed images to 
be stored on computer disks. 

9. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 3 wherein said 
recording means is adapted to allow images to be stored 
on video tape. 

10. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 3 wherein said 
images are displayed as calibrated spacial thermal 
images . 

11. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 3 wherein a false 
colour scale is used to represent various temperatures on 
displayed images . 

12. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in any preceding claim 
wherein said fluid is capable of conducting a leakage 
current . 

13. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 12 wherein leakage 
current measuring means are provided to measure said 
leakage current. 
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14. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 13, wherein said 
leakage current measuring means comprises an ammeter . 

15. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 13, whereas said 
leakage current measuring means comprises an 
oscilloscope. 

16. A method for inspecting the integrity of the insulation 
of a. wire or cable as claimed in any preceding claim 
wherein said fluid is an aqueous saline solution. 

17. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in any preceding claim 
wherein said fluid comprises sodium chloride in the range 
1 to 3% by mass. 

18. A method for inspecting the integrity of the insulation 
of a. wire or cable as claimed in any preceding claim 
wherein said fluid comprises 2% sodium chloride by mass. 

19. A method of inspecting the integrity of the insulation of 
a wire or cable as claimed in any one of claims 1 to 15 
wherein said fluid comprises ammonium chloride in the 
range 1 to 3% by mass. 

20. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in any preceding claim 
wherein said fluid is dripped on /to the wire or cable. 

21. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in any one of claims 1 to 
19 wherein said fluid is sprayed on to the wire or cable. 
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22. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in any preceding claim 
wherein said fluid includes a wetting agent, said wetting 
agent being capable of reducing the surface tension of 
the fluid and thereby preventing large droplets from 
forming . 

23. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in any preceding claim 
wherein said fluid is non-corrosive and is of a type that 
causes no substantial degradation of elastomeric polymer 
insulation around any wires or cables to which it is 
applied. 

24. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in any preceding claim 
wherein said thermal imaging system is used to detect and 
display the intensity of heat emanating from the wire or 
cable prior to the application of said fluid, to provide 
datum values of heat emission . 

25. A method for inspecting the integrity of the insulation 
of a wire or cable as claimed in claim 24 wherein the 
amount of fluid used is dependent upon said datum val_ues. 

26. A method for inspecting the integrity of the insulation 
of a wire or cable substantially as hereinbefore 
described and with reference to Figures la and lb or 
Figure 2 or Figure 3 of the accompanying drawings. 



WO 00/11484 



PCT/GB99/02548 




SUBSTITUTE SHEET (RULE 26) 



WO 00/11484 



PCT/GB99/02548 




SUBSTITUTE SHEET (RULE 26) 



WO 00/11484 



PCT/GB99/02548 



3/3 



Fig.3. 

STEP 1 Prepare wire to be tested 

i 

STEP 2 Pass current 

through wire 

Use infra red thermal 
STEP 3 imaging system to detect 

and display intensity of 
heat emanating from wire 



STEP 5 



I 



STEP 4 Determine amount of 

electrolyte to add 



Spray electrolyte over 
area of wire to be tested 



Use infra red thermal imaging 
STEP 6 system to detect and display 
intensity of heat emanating 
from wire 



Identify those parts of the 
qTF wire having a high level of 

heat emission for future 
repair or monitoring 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



In" national Application No 

Pu/GB 99/02548 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01R31/08 G01R31/308 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G01R 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONStOERED TO BE RELEVANT 



Category * Citation ot document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



GB 2 174 803 A (BICC) 

12 November 1986 (1986-11-12) 

abstract; figure 1 

PATENT ABSTRACTS OF JAPAN 
vol. 11, no. 378 (P-645), 
10 December 1987 (1987-12-10) 
& JP 62 147350 A (KY0EI SANGYO), 
1 July 1987 (1987-07-01) 
abstract 

PATENT ABSTRACTS OF JAPAN 

vol. 8, no. 72 (P-265) '1509!, 

4 April 1984 (1984-04-04) 

& JP 58 216968 A (NIH0N BOUSHIYOKU K0GY0), 

16 December 1983 (1983-12-16) 

abstract 

-/-- 



1,12-14 



Further documents are fisted in the continuation of box C. 



Patent f amity members are listed in annex. 



'* Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E* earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"A" document member ot the same patent family 



Date ot the actual completion ot the international search 

5 November 1999 


Date of mailing of the international search report 

16 11 1999 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL -2280 HVRijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer 

Iwansson, K 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Int ational Application No 

PU/GB 99/02548 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category : Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4 733 175 A (LEVINSON) 
22 March 1988 (1988-03-22) 
abstract; figure 5 



1,3,4 



Form PCT/ISA/210 (continuation ot second sheet) (July 1 992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Intt. .ationa) application No. 

PCT/GB 99/02548 



Box I Observations where certain claims were found unsearchable (Continuation ot item 1 of first sheet) 



This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
Claims Nos.: 

because they relate to subject matter not required to be searched by thts Authority, namely: 



Claims Nos.: 26 

because they relate to parts of the International Application that do not comply with the prescnbed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 

IT IS NOT CLEARLY DEFINED FOR WHICH SUBJECT MATTER PROTECTION IS SOUGHT. 
PCT 

ARTICLE 6 AND RULE 6.2. 

3 I I Claims Nos * 

' ' because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of Hem 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1 . I | As all required additional search fees were timely paid by the applicant, this international Search Report covers all 
' — I searchable claims. 



2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
I 1 covers only those claims for which fees were paid, specifically claims Nos. : 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest 

j | No protest accompanied the payment of additional search fees. 



Form PCT/lSA/21 0 (continuation of first sheet (1)) (July 1998) 



International Application No. PCT/GB 99/02548 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



Continuation of Box 1.2 
Claims Nos.: 26 



IT IS NOT CLEARLY DEFINED FOR WHICH SUBJECT MATTER PROTECTION IS SOUGHT, 
PCT ARTICLE 6 AND RULE 6.2. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Int qtional Application No 

PU'/GB 99/02548 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



GB 2174803 



A 



12-11-1986 



AU 588869 B 
AU 5645186 A 



JP 62147350 A 
JP 58216968 A 



01-07-1987 



NONE 



16-12-1983 



NONE 



US 4733175 



22-03-1988 



NONE 



28-09-1989 
30-10-1986 



Form PCT/ISA721 0 (patent family annex) (July 1 992) 



